by Professor (later Sir Ian) Heilbron, Professor of Organic Chemistry at Liverpool at that time, who interested him in a new research problem involving the control of rickets. It is best to describe this in Morton's own words in the last lecture he gave, which was at Bangalore just a few weeks before he died: 'Cod liver oil was known as one remedy [for rickets] and there was good evidence of a very different treatment namely that exposure of the body to ultraviolet light resulted in a beneficial photochemical change. There was also new evidence that some foods could acquire antirachitic potency by exposure to ultraviolet light. At that time the Glaxo firm in London were extracting an active fraction from cod liver oil and cholesterol was being accumulated as an unwanted by-product. It must be remembered that cholesterol was then a little understood minor constituent of fats and that even its structure had not been elucidated. I was asked to find out whether cholesterol could possibly be the photochemical precursor of a postulated antirachitic vitamin D. When I examined the absorption spec trum cholesterol seemed at first to be completely transparent. So I pre pared a stronger solution and then an even more concentrated one. I used a 10 cm cell-quite a long one-and a nearly saturated solution in ether and then found three feeble absorption peaks. This was promising and with two collaborators we carried out a fairly large scale fractional crystallization of cholesterol from ethyl acetate. At one end there emerged cholesterol with no selective absorption and at the other end three very strong ab sorption bands were seen. The extreme fractions were exposed to ultra violet light from a quartz mercury vapour lamp and sent to Dr Katherine Coward who tested them on young rats with rickets. One lot of animals responded well and others not at all. Thus we had the absorption spectrum of an impurity in cholesterol and this substance was a photochemical precursor of vitamin D. . . . With the spectroscopic criterion then available Rosenheim of the Medical Research Council hastened to the laboratory of Windaus (a great expert on sterols) in Germany and found that ergosterol had the same characteristic spectrum. There followed a splendid concerted attack on the photochemical problem which ultimately led to the isolation of ergocalciferol and later of cholecalciferol (vitamins D 2 and D 3) . Many years were to elapse before the mode of action of vitamin D was clarified by the discovery of hydroxylated calciferols but vitamin D became available in indefinite quantity at a reasonable price.'
Although the existence of the essential growth-promoting factor, vitamin A, was known since 1903, its chemical nature and relation with the yellow carotenes were still not understood in 1926-27. Then Morton played a large part in putting the two spectroscopic labels of vitamin A, an ultraviolet absorption band at 328 nm and a blue colour, X617 nm, which it gave on treatment in chloroform with a saturated solution of antimony trichloride in chloroform, on a sound quantitative basis. The u.v. absorption band also gave a clue to its structure. The critical examination of the colour reaction of vitamin A isolated from the livers of fresh water fish led to the discovery of a second vitamin A with an absorption maximum at 350 nm and a colour test peak at 693 nm, which he called vitamin A2. This was quickly confirmed by Lederer and Heilbron among others and Morton's insight into the relation between absorption spectra and chemical structure was evident in that he proposed the correct structure for vitamin A2 long before it was conclusively demonstrated by the classical methods of organic chemistry.
At the same time Morton in collaboration with the late Dr J. A. Lovern (Torry Research Station, Aberdeen) discovered that the liver oil industry was throwing as much vitamin A back into the sea as it was retaining in the halibut and cod livers its trawlers were collecting. The fish intestines and especially pyloric caecae were rich sources of vitamin A. Morton took out a provisional patent on this discovery and handed it over to the Medical Research Council who did not pursue the matter further because they did not wish to protect either a source or a process of extraction. Morton was always rather disappointed about this, pointing out how the University of Wisconsin had profited by Steenbock's patent on irradiating yeasts to make them antirachitic.
Another problem which fascinated Morton at that time was that vitamin A was never found in plants although herbivorous animals accumulated the vitamin in their livers. Von Euler suggested that 'carotene' present in all green plant tissues was a precursor of vitamin A and Dr T. Moore at the Dunn Nutritional Laboratory, Cambridge, was the first to put this idea on a sound basis. This was confirmed by a joint experiment between Morton and Professor (later Sir Jack) Drummond, then at University College, a collaboration which was to have a decisive effect on the direction of Morton's future career.
W ar-time activities
The enthusiastic researches into fat-soluble vitamins slowed down with the outbreak of World War II, but the experience Morton had gained during the previous few years with these compounds and the high regard in which he was held by Sir Edward Mellanby, then Secretary of the Medical Research Council, made him the obvious choice of Sir Jack Drummond, then Scientific Advisor to the Ministry of Food, to monitor the vitaminization of margarine with fish liver concentrates. One of us (T. W. G.) was appointed assistant for this work. As the work progressed it was clear that no one knew accurately the human daily requirements of vitamin A. The Accessory Food Factors Committee of the Medical Research Council arranged that conscientious objectors, who had volunteered to act as human guinea pigs for medical research, were housed at Sheffield and provided with a diet as nearly as possible devoid of vitamin A and vitamin A precursors. Morton was a leading figure in this investigation which was extremely thorough and lasted over two years. The Report which was eventually published was a model of its kind and the findings still stand.
In spite of heavy University and Government commitments Morton had time during the war to produce his book Absorption spectra of , hormones and co-enzymes in 1942. This is stated as being a second edition but the first edition eludes us, unless a very early book Radiation in chemistry (1928) is considered the first edition. Absorption spectra broke fresh ground and was the first book to bring home to biochemists and biologists the powerful potential of absorption spectroscopy as a research tool. It also proved an important influence on the career of one of us (T. W. G.) who, as Morton's research student, had the opportunity to proof-read the book. Morton also had time to turn his mind to the problem thrown up by Wald's work on visual purple, the photosensitive pigment in the rods of the retina. On illumination the visual purple (now known as rhodopsin) released a substance, which Wald called retinene, with an absorption maximum at 380 nm and a band with antimony trichloride with its maximum near 667 nm. Again Morton's great insight into absorption spec troscopy came into play and he concluded that retinene could only be vitamin A aldehyde and proceeded to demonstrate it elegantly by developing the technique of oxidation of vitamin A with manganese dioxide which is now a method generally used for oxidation of allylic alcohols to a, fi-unsaturated aldehydes. In the same way he also showed that the corresponding compound released from porphyropsin obtained from fresh water fish was the aldehyde of vitamin A2.
Together with two other Fellows (J. Proudman and T. P. Hilditch) Morton spent many long hours in the arduous and sometimes dangerous investigations of fire outbreaks in Merseyside during the war.
As the war drew to a close the University of Liverpool decided to fill the Johnston Chair of Biochemistry which had been left vacant when H. J. Channon resigned at the beginning of the war. After much discussion and strong advocacy by Sir Jack Drummond, Morton was eventually appointed in face of consider able competition from more conventionally trained biochemists. The appoint ment was an outstanding success and Morton filled the chair, the first established chair of biochemistry in the United Kingdom, with great distinction for 22 years.
Post-war years
Very soon after his appointment Morton began to build up a most effective research team and right up to his retirement he continued to make impressive discoveries. These are dealt with in detail later but the discoveries of ubiquinone and the polyprenols were outstanding contributions. He was elected a Fellow of the Royal Society in 1950.
In spite of his deep commitment to research Professor Morton played a full part in university activities. Sir James Mountford, who was Vice-Chancellor at Liverpool during almost the whole of Morton's tenure of the Chair of Bio chemistry, appreciated very much his well informed views quietly expressed. 'His was the quiet voice of reason and reflection, not the hectoring note of a determined and ruthless policy-maker. Many times in conversation with him I had a sense that he saw further and deeper about basic university affairs than many of his more vociferous colleagues. ' He was a member of many important committees of the University such as Departmental Grants, Staffing and Development and is remembered by his Vice-Chancellor as one who always 'did his homework' for meetings. He will be particularly remembered for his work for the Halls of Residence. He was Chairman of the Joint Halls of Residence Sub-Committee for many years and it gave him particular pleasure that in 1971 a newly built Hall of Residence on the University's Carnatic site was named Morton House.
As the Department of Biochemistry rapidly attained a position of eminence in the post-war scene many overseas research students were attracted there. Morton took a very personal interest in such visitors and was adept at super vising students with very different backgrounds and personalities. The hos pitality which he and Mrs Morton extended to them, especially at Christmas time, was very much appreciated and remembered. The crowning achievement of Morton's career at Liverpool was to persuade the University to erect the fine new building in which the Biochemistry Department is now housed. This is a tangible memorial to his achievements but his impact on post-war bio chemistry was greater than this. Many of his students now hold positions of high responsibility throughout the world. He was twice a member of Council of The Royal Society and was Chairman of the Biochemical Society, from 1959 to 1961, during a very critical period of the Society's evolution. He was also a member of numerous committees of the D.S.I.R. (now S.R.C.). His work with the Medical Research Council and Ministry of Food during the war stimulated a life-long interest in nutrition and although he never experimented further in nutrition he read deeply on the subject and made many critical contributions to nutritional working parties. In particular he was a member of the Flour Panel, a committee set up by the Government in 1955 to enquire into 'The composition and nutrition value of flour'. The Chairman was the late Sir Henry Cohen (Lord Cohen of Birkenhead, C.H.). The government fully accepted the panel's conclusions (Cmd 9757, May 1956) November 1968 (41 meetings) . His period as Chairman coincided with an era of maximum public and Parliamentary pressure to extend controls over the use of food additives. Regulations controlling the use of antioxidants, colours, emulsifiers and stabilizers, and preservatives existed, but needed reviewing to take account of changing circumstances and attitudes and newer knowledge. Many classes of food additives, such as solvents, flavours, acids, bases, salts, anti-foaming agents etc., were subject only to the general provisions of the Food and Drugs Act 1955. It had become Government policy that only those food additives which were specifically permitted should be allowed to be used in food. Government required advice from the independent Food Additives and Contaminants Committee so that this policy could be put into effect with all food additives being subjected to specific control by regulation. Professor Morton's period as Chairman also coincided with an increase in the wrapping and packaging of foodstuffs and concern over the aesthetic and possible health effects of substances that might migrate from the wrapping into the food. No regulations existed and, under Professor Morton's chairmanship, the Food Additives and Con taminants Committee was asked to make recommendations to this par ticularly difficult problem.
'The fact that the Food Additives and Contaminants Subcommittee became a Committee in its own right during Professor Morton's period as Chiarman is a measure of the importance attached to its responsibilities. The Committee's first task was to establish guidelines for its own work and that of its Pharmacology Subcommittee. These guidelines are reflected in the Ministry of Agriculture, Fisheries and Food "Memorandum on procedure for submissions on food additives and on methods of toxicity testing", published by H.M.S.O. in 1965. Thus, under Professor Morton's Chairmanship, the Food Additives and Contaminants Committee estab lished basic working principles that have stood the test of time, reviewed and recommended the bringing up-to-date of a number of existing controls on food additives (including the need for adequate specifications of purity and identity) and made recommendations that enabled Governments to extend controls over classes of food additives that were not previously subject to specific legislation.' Dr Coomes added in a letter to Professor B. C. L. Weedon, F.R.S. (present Chairman): 'Professor Morton was always able to define clearly the essential question that required answers from the Committee and to contribute sub stantially to achieving the best answers practicable on the available evidence. I think it was because of these characteristics that although an apparently quiet unassuming Chairman he was always very much in control of the proceedings. ' He was elected an Honorary Member of the American Institute of Nutrition in 1969 and in the same year became a Scientific Governor of the British Nutrition Foundation.
Although very academically inclined ('There was a great deal of the phil osopher in his make up'-J. F. Mountford), Morton had a particularly happy and fruitful relationship with the firm Hoffmann-La Roche and, in particular, with Dr O. Isler whose brilliant syntheses of fat-soluble vitamins and their adaptation to commercial production had great appeal for Morton. In his last lecture at Bangalore (already quoted) he said: 'It seems to me that the com mercial production of synthetic vitamins has been a technological achievement of a very high order with considerable implications for the general welfare'. Isler had an equally high regard for Morton who 'was the ideal of a professor. When I showed him the monum ent. . . in front of Basle's University, showing a young scientist standing before his wise professor who gives him guidance, but keeps himself in the background, Alan Morton was fascinated. The monu ment expressed exactly his own ideal. ' Morton enjoyed writing and his manuscripts were a pleasure to read not only for their content but for their calligraphy; he never lost the ability to produce copper-plate writing, an ability which was recognized when he was 10 years old, and was awarded a prize for the best handwriting in all Liverpool schools. He was editor of the Biochemical Journal for the maximum period allowed, seven years, from 1947 to 1953, and was Chairman of the Publications Board of The Royal Society 1961-62. He received honorary degrees from the University of Wales, when the citation was given in Welsh, Trinity College, Dublin, and the University of Coimbra, where his first research student (A. J. A. de Gouveia) became Rector. On retire ment he was made an Honorary Member of the Biochemical Society, and in resolving that the title of Emeritus Professor should be conferred on Morton on his retirement, the Senate of the University of Liverpool recalled 'with admiration and pride the growth, under his leadership, of the Department of Biochemistry from a modest beginning to its present eminence, and with grati tude his unfailing kindness and gentleness.'
Retirement
Morton had always looked after his students with kindness and assiduity (as the authors of this memoir can all vouch for from first hand knowledge) and in his retirement he obtained great satisfaction from following the achievements of many of them in elucidating further the biochemical significance of many of his earlier discoveries.
In 1969 he spent a year in Malta as Royal Society Visiting Professor in the Department of Physiology and Biochemistry in the University. His visit was most successful and it was clear from comments from Professor Bannister that he helped the department both in setting up a research programme, he 'helped the department to get a sizeable grant for spectroscopic equipment in 1969 (and again in 1974) ' and in its teaching activities: 'He encouraged us to think closely on the teaching of biochemistry to medical students, particularly on the proper admixture of chemistry and physiology one must seek to impart'. His interest in Malta continued and he visited there in 1970, 1972 and 1974 Two other projects helped to keep Professor Morton busy in his retirement. One was the history of the Biochemical Society and the other was the com pletion of the third edition of his book on Biochemical spectroscopy. For this mammoth task he had a grant from the Leverhulme Trust for secretarial assistance and the monograph was eventually published in two volumes in 1975.
In spite of his great achievements and international renown Professor Morton remained unassuming, friendly and approachable. He was a calm and peaceful man who never betrayed his firm principles. Although fundamentally serious, he had a quiet sense of humour which was the more impressive for being used infrequently. Dr Isler recalls that at the end of a controversial symposium Professor Morton said: 'I suppose that none of us has arrived at this symposium without having made mistakes, and there is a certain wry pleasure in looking back on our own mistakes if we do not get the same pleasure from looking at those of other people.' Only someone of great serenity could have said to his wife a few days after his first coronary attack and not long before his death: 'I am not a very good advertisement fo r-----' (a vegetable oil margarine).
Professor Morton outside his professional activities lived a quiet, happy life with his wife Heulwen, whom he married in 1926 and who survives him. He had one daughter, Gillian (Mrs Lewis) who is now a tutorial Fellow at St Anne's College, Oxford. He never forgot his Welsh roots and was a very active member of his church. He enjoyed sketching and made a number of attractive drawings of Maltese wild flowers during his stay on the island.
As we have said elsewhere ( N a t u r e, Lond. 1977, 266, 394) , Pr life shows that shrewdness and devotion to the demanding career of a scientist need not be divorced from kindness, gentleness and sympathy.
S cientific work in the early days (J. G.) Development of biochemical spectroscopy Morton can truly be said to rank highly among the early pioneers in the development of spectroscopy such as Sir W. N. Hartley (1846 Hartley ( -1913 and his mentor Professor E. C. C. Baly (1871 Baly ( -1948 .
He made a number of notable contributions to the development and improve ment of techniques but his main strength lay in the application of spectroscopy to uncover new compounds with u.v. or visual absorption labels in biological extracts and his ability to communicate and collaborate well with others. He often reflected that he was fortunate to become involved in this physicochemical technique at a time when it had such potential for unravelling key problems arising in the photochemistry of the relatively recently discovered fat-soluble vitamins.
He appreciated that progress in the spectroscopy field depended greatly on gaining a good understanding of the relation between the chemical structure of chromophores and their selective absorption. Consequently much of his early researches involved a considerable amount of laborious work in determining the absorption characteristics of different concentrations of pure substances in different solvents and under a variety of conditions to build up a library of reference spectra. This was done photographically mainly on a Hilger E3 prism spectroscope with a sector photometer designed by Twyman. It required a full morning's work to record an absorption spectrum in the 1930s compared with the few minute scans of the whole ultraviolet and visible regions of modern photoelectric recording instruments today.
Relatively few laboratories were engaged in spectroscopy before World War II so that Morton and his colleagues working in Professor E. C. C. Baly's labora tories were in a position to make substantial contributions to knowledge of the relations between chemical structure and the absorption spectra of unsaturated compounds.
Early vitamin studies
Collaboration was developed in particular with Professor I. M. Heilbron (later Sir Ian) who also had a strong interest in spectroscopy from his previous training with A. Hantzch (1857 Hantzch ( -1935 . Morton become involved with him in studies on the intriguing problem of the photochemistry of the vitamin D factor which was known to be produced by u.v. irradiation of certain cholesterol preparations and ergosterol but at the same time could itself be destroyed by strong u.v. light.
They were able to show that the least soluble sterol fraction crystallized from crude cholesterol contained a triplet u.v. absorption band in the 260-295 nm region similar to those of ergosterol. Furthermore, irradiation of the 'cholesterol' containing this material with u.v. light from a mercury lamp caused these bands to disappear while the vitamin D activity increased. Prolonged irradiation, however, destroyed the vitamin D activity and no further irradiation of residual cholesterol could restore the provitamin D activity of cholesterol preparations. Experiments with ergosterol revealed that the disappearance of the triplet band led to the appearance of a new selective absorption band at shorter wavelengths with Xmax at 247 nm. The intensity of the latter correlated generally with the level of vitamin D activity. This was the first time that a definite absorption band could be linked with vitamin D and later provided a basis for its physico chemical, as opposed to biological, assay. Furthermore, this permitted greater control to be exercised in the irradiation of provitamin D to form the vitamin by recommending that only light of wavelengths about 270 nm should be used for the process.
This work incidentally led Morton and his colleagues directly into the vitamin A field because sterol preparations supplied by Professor H. J. Channon from cod liver oil were used in some of the above tests, since this oil was known as a good source of vitamin D. The presence in this preparation of a u.v. absorption band in the 330 nm region not connected with the photochemistry of provitamin D led the group to consider that this might be linked to the vitamin A activity of cod liver oil. Eventually this was confirmed.
Further links were then made with the research of Professor (Sir Jack) Drummond and Dr Thomas Moore on the relationship between (3-carotene and vitamin A. Thus not only did Morton play a pioneering role in correlating the intensity of the absorption bands of various vitamin preparations with their biological activities, but he later also determined the characteristics of the spectra of the pure compounds and devised procedures for their assays in biological materials. The latter became of considerable importance for the accurate monitoring of the fortification of foods with the two vitamins during and after the World War II on behalf of the Ministry of Food.
When the u.v. absorption spectrum of a solution of fish liver oil was compared with those of solutions of the unsaponifiable and fatty acid fractions derived from it following saponification by sodium ethoxide, it became apparent that a series of new absorption bands with fine structure had been produced by the action of the alkali. It was quickly shown by Morton in collaboration with Professor T. P. Hilditch and colleagues that the new bands arose from isomer ization of the unsaturated fatty acids by the alkali in that the isolated double bonds became conjugated. Eventually they developed optimal conditions for the process which formed the basis of a method of their quantitative assay. Despite difficulties in standardizing conditions, this was a valuable assay for the determination of unsaturated acids in glycerides over many years until its replacement by the simpler chromatographic methods.
Improvements in assay techniques
In attempting to correlate quantitative data on selectively absorbing com pounds obtained by different assay procedures, e.g. colour tests, biological assays and the intensity of their u.v.-absorption bands, Morton continually kept in mind the importance of developing reliable procedures for standardizing spectrophotometers and generally improving the accuracy of assays based on the spectral characteristics of the substance. To this end he developed successfully the use of easily purified, simple inorganic compounds such as potassium nitrate and chromate as standards for monitoring the accuracy of the adjustment of the instrument, and collaborated with Dr Wallace Brode of the United States in setting up the underwater u.v.-light source in order to obtain smoother continuous spectral emission from the iron-nickel arc to make the spotting of the absorption bands on the photographic plates easier.
Furthermore, he and his colleagues continued to make substantial contri butions to basic knowledge of the relationship between the structures of chromophores in a variety of organic compounds and their absorption spectra under different controlled conditions. This formed a valuable background for later work in the interpretation of the structures of unknown biological materials detected by their selective absorption bands.
He developed the simple but useful concept of E{°cm value at Xmax, the extinc tion of a 1 % solution of the material in a 1 cm cell, as opposed to the molecular extinction coefficient, for extinction of 1 cm thickness of a molar solution. The former value enabled the purification of substances of unknown molecular weight to be followed quantitatively through successive chromatographic or other separation procedures. When the maximum value was reached the substance was regarded as pure.
Photoelectric spectrophotometry period
The Beckman model DU photoelectric spectrophotometer, one of which Morton acquired in 1945 to help with the analytical work and research in con nection with the fortification of margarine with vitamins A and D, brought about a marked transformation in the art of spectroscopy in that it enabled spectra to be recorded more quickly and with greater accuracy for quantitative studies. Errors in optical density measurement were 0.5% compared to several per cent for the lengthier photographic procedures. Consequently the metabolism of light-absorbing compounds to other derivatives could be followed in con siderable detail and in relatively low concentrations. It soon became apparent to Morton and colleagues that for many biochemical and enzyme assays the photoelectric spectrophotometer would replace the Warburg manometer. The oxidation and reduction of many u.v.-absorbing compounds could be readily followed spectrophotometrically. With the reactive groupings generally linked directly to the main chromophore advantage could be taken of the quantitative changes in absorption spectra. Alternatively if a cofactor or coenzyme was involved the changes in its spectrum could be followed. The changes in the spectroscopy laboratory were so noticeable then that distinction was often made of the pre-Beckman and post-Beckman periods of development in biochemistry. Today the spectrophotometric measurement of the oxidation and reduction of nicotinamide adenine dinucleotide and other coenzymes is so commonplace that no biochemical laboratory can operate without a good spectrophotometer.
One of the major contributions to spectroscopy and to biochemical research in general which followed quickly with the use of the Beckman model DU was the development of mathematical correction procedures for irrelevant absorption in the measurement of the extinction value of the principal substance under assay. The greater accuracy of recording the extinction of the absorbing solution made this possible.
The trigger which set off the development of these procedures was an attempt to estimate routinely the concentration of anthracene in tar oils. The Amax of the highly persistent absorption bands of the anthracene were invariably clearly visible in solution of the oils, but the extinction values were distorted by the irrelevant absorption of impurities. Morton and A. L. Stubbs working with him realized, however, that although the irrelevant absorption followed a smooth curve the portion within the short spectral region over one of the narrower absorption bands could be considered linear. From knowledge of the spectral characteristics of the absorption of the pure substance under assay, it was possible to develop a simple algebraic procedure to correct for contribution to the total absorption of the irrelevant material and so determine more reliably the true amount of the pure substance present. Modifications of the procedure were later applied to the assay of a number of selectively absorbing compounds in biochemical preparations.
Applications of the correction procedure for irrelevant absorption
The procedure was widely used for the assay of vitamin A in cod-liver oil and other fish oils used in the fortification of foods at that period and the detailed procedures were standardized for incorporation into the British and United States Pharmacopeias. The principles were also widely adopted for the deter mination of many other substances occurring in the unsaponifiable lipids of tissue extracts and chromatographic fractions. It was used in studying the quantitative interconversion of certain sterols in vivo and in following the reduction of retinene to retinol. It was useful to Morton and colleagues in following the isolation and purification of vitamin A2 and in detecting the presence of m-isomers of vitamin Ax (e.g. neo-vitamin A, 13-m-retinol) in liver oils. Another particularly useful correction procedure of a slightly different type was devised at this time by Morton and Goodwin for the determination of tyrosine and tryptophan in proteins. It was possible here to simplify the correction for irrelevant absorption by making use of the fact that the two overlapping spectral bands have the same molar extinction coefficient at their point of intersection, the isosbestic point. The procedure is still frequently used for the direct assay of these aromatic amino acids which are partially destroyed under the conditions used for hydrolysing proteins for their amino acid analysis.
Stimulation of other research groups
Apart from this work in improving the assay procedures, Morton was always interested in collaborating with and stimulating others to further the develop ment of spectroscopy in research. In the immediate post World War II years when only a few of the early Beckman instruments had reached England, a Beckman Club was formed with members of other users in research organ izations in the region around Merseyside, notably those of Unilever, Shell and Imperial Chemical Industries. The aims were to standardize and compare the accuracy of the instruments and at the same time to help each other with accessories and spares which were difficult to obtain quickly from overseas, and the first meeting took place in the basement of the Biochemistry Department (Johnston Laboratory). Later comparative assays were organized and, as ad ditional members joined, the Beckman Club became the Photoelectric Spectro photometry Group. Dr G. H. Beavan and Dr J. R. Edisbury were active officers and organized the publication of a Bulletin for circulation of the com parative data and notes on new applications of photoelectric spectrophotometers. Gradually with the increasingly widespread use of improved u.v. and i.r. recording spectrophotometers and other physicochemical techniques the British Biophysical Society was formed and members of the original Beckman Club who were associates of Professor Morton actively participated in its foundation. At this time too Professor Morton and colleagues joined with other scientists interested in photobiology to form the Photobiology Group (now known as the British Photobiology Society) and one of its earliest scientific meetings was organized in the Liverpool Biochemistry Department in view of the strong research interest there in the biochemistry of vision and of photo synthesis.
Professor Morton's interest in spectroscopy was not limited to the absorption aspects. He was also interested in the application of emission spectroscopy for the determination of trace elements in biological tissues and with Dr A. L. Stubbs, Dr J. M. Bowness and Dr H. Fore examined the distribution of copper, zinc and manganese in a variety of tissues, revealing in particular the unusually high concentration of carbonic anhydrase in the eye.
V itamin A and vision (G. A. J. P.) Drawing on his wide knowledge of spectroscopy, Morton was adept at interpreting observations made, sometimes in the course of other work. As mentioned, his identification of 'retinene', the prosthetic group of the visual pigments, as vitamin A aldehyde was based originally on spectroscopic reasoning. He pointed out at the time that 'retinene', although a percipient guess by its discoverer, George Wald, was not a wholly appropriate name, and he put forward instead 'retinaldehyde' or 'retinal', both of which many years later were approved by the International Union of Pure and Applied Chemistry as the basis of the current nomenclature of vitamin A compounds.
With his students he was able to show, originally by spectroscopic means, and later by synthesis, that retinaldehyde would unite with amino groups to form Schiff bases. These Schiff bases, because of their protonation at low pH values and dissociation in solutions of higher pH, showed markedly different absorption spectra, and colours, in acid and alkaline solutions. It was therefore possible to identify 'indicator yellow', a known photodecomposition product of rhodopsin, as a Schiff base.
Study of the formation of 'indicator yellow' from rhodopsin established that the chromophoric group of rhodopsin was essentially a retinylidene Schiff base, formed by the union of retinaldehyde with an amino group of opsin, the protein component of rhodopsin. This concept has been confirmed by many later workers, is now accepted as the basic structure of all visual pigments and has been carried over to bacteriorhodopsin, the light-driven proton pump of the bacterium Halobacterium halobium.
With his great interest in the relationship between chemical structure and light absorption, Morton was perennially fascinated by the visual pigments. The absorption maximum of retinaldehyde is near 380 nm, as predicted by the empirical rules: that was how he was able to identify it. On combination with a colourless protein of the opsin family, the absorption maximum shifts sub stantially towards the red into what we consequently know as the visible region of the spectrum. Different opsins shift it to differing extents, giving a wide range of visual pigments. Morton worked with model compounds and discussed tentative explanations of this intriguing problem of colour and constitutionand one of momentous biological outcome. It remains today without a universally accepted solution, but all current theories are based on a protonated Schiff base structure.
These advances made by Morton's group, and others, notably Wald's dis covery of the cis-trans isomerization cycle in visual pigments, stemmed from the availability of pure retinaldehyde in large quantities. As in those days Morton seemed to be almost a chain smoker, it is not surprising that under graduate students of the department attached to him the legend, which has no doubt been hung on many professors in polymorphic versions, that he was responsible for the original crystallization of 'retinene' by deliberately flicking cigarette ash into the solution. This apocryphal story had only a short existence. Once convincing scientific evidence was published on its health hazards Morton gave up smoking immediately without, so far as one could observe, difficulty or complaint: a characteristic example of his self-discipline.
His work on vision covered the purification of rhodopsin to a level not pre viously attained and the regeneration of rhodopsin from the products of bleach ing. The latter, dealing with relatively complex systems, suffered in contempor ary esteem by being published around the time when Wald and Hubbard were carrying out their more simple and elegant experiments on regeneration. An updated version of Morton's approach might be more highly regarded nowadays, for it is highly improbable that the regeneration of rhodopsin from all transretinaldehyde and opsin is the simple process now shown in most elementary textbooks.
Morton's research in the post-war years was characterized by a mixture of breadth and narrowness. He was always interested in the wider aspects of science and the applications of biochemistry; in his earlier days as head of his research school, his students tackled a wide range of topics-by the more specialized standards of 30 years later, an extraordinarily wide range. Yet he tended to concentrate narrowly on intensely exploited techniques, giving at times the impression of viewing living things through the slit of a spectrophotometer.
The technique led to penetrating advances in knowledge of the biochemistry of substances suitable for spectrophotometric study. Foremost among these was vitamin A. His group established (simultaneously with other laboratories) that (3-carotene, the plant precursor of vitamin A, was converted into vitamin A alcohol (now known as retinol) in the animal intestine, and suggested that it involved an oxidative cleavage in the centre of the molecule to give first retin aldehyde; they had shown that retinaldehyde was readily reduced to retinol in the intestine. Confirmation of this theory had to wait for many years until others were able to employ much more sensitive procedures using radioactive (3-carotene. 422 
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The major function of the stores of esterified vitamin A in the liver was shown to be the maintenance of a reasonably constant concentration of retinol in the plasma; substantial changes in the liver reserves had little effect on the amount of retinol in the circulation.
He carried out extensive chemical work on vitamin A2 and its aldehyde. It was not easy to separate vitamin A2 from the vitamin At which was always present in the sources available to him, but it was done by means of oxidizing the alcohols, by his manganese dioxide procedure, to the corresponding alde hydes, which could be separated more readily. The purified vitamin A2 aldehyde, 'retinene2', was reduced back to vitamin A2. He was thus able to study the biological, chemical and spectroscopic properties of the A2 compounds, an advance of some merit, given the difficulties of dealing with these compounds.
The establishment of the role of vitamin A in vision, and the increasing knowledge of how vitamin A was handled in the body, threw into sharper con trast our ignorance of how vitamin A discharges its major function: that of maintaining growth, general health and life. Morton chose to tackle this challenging problem by studying constituents of the unsaponifiable fraction of animal tissues with the specific aim of detecting changes brought about by vitamin A deficiency. Much work was published on these changes in unsaponi fiable constituents, not only in vitamin A deficiency, but also in deficiencies of other fat-soluble vitamins. With hindsight, that great aid to critical vision, one can now recognize that as an approach to the mode of action of vitamin A, it was of only limited success (as indeed were all other contemporary attacks on that intractable problem). The careful analyses of tissue unsaponifiable fractions, however, led to the painstaking identification of a number of substances, of which some proved to be of wide biochemical interest.
Morton always retained from his early research an interest in sterols. He harked back to his work with 7-dehydrosterols in demonstrating the formation of 7-dehydrocholesterol from cholesterol in the body and studying the metabol ism of ergosterol; a number of papers were concerned with other sterols. At various times he investigated in detail the relationship between cholesterol and vitamin A and the influence of sex thereon, the interaction of cholesterol and essential fatty acids, the constituents of atherosclerotic plaques and the forms of esterified cholesterol.
It was usual for him to be directing simultaneously a number of research lines. These included, at different times, what was essentially chemical work on kitol, a dimer of vitamin A, the effects of industrial processing on the nutritional value of groundnut proteins, and investigations of lipids from such various sources as human sebum, salmon eggs, frogs, tadpoles, newts and axolotls.
The mix of subjects in no way diminished the camaraderie of his research school, which still persists. Meetings of 'Old Mortonians' usually result in the re counting of anecdotes in which 'Prof' figures prominently and affectionately: anecdotes that become more burnished with the years and no doubt correspond ingly less accurate. Many feature his enthusiasm for taking a hand in experimental work. His appearance at one's bench late in the afternoon, liberated from a day of administrative duties, was not invariably greeted with unalloyed enthusiasm by research students. His penchant for adopting heroic measures to deal with difficulties, while frequently effective, did not always appeal to the less adven turous; mishaps were not unknown, including one much retold occasion when he inadvertently treated his trousers with several litres of 10m potassium hydroxide solution with embarrassing results.
For some years after the war he continued straightforward chemical spectro scopic studies of water-soluble vitamins and other organic molecules of rele vance to biochemistry, with particular reference to their structure, ionization and chemical behaviour. These studies represented the continuation, with better instruments, of those he had carried out from his early days as a pioneer spectroscopist, and usually sprang from his being called upon for the advice that he invariably gave generously. He always maintained his interest in such work, as witnessed by the last edition of his book Biochemical , but in his later years he was much less frequently called upon; knowledge of spectro photometry had by then become part of the professional equipment of chemists and biochemists. His original educational mission had succeeded.
It has been claimed that a didactic function of a rapidly developing subject like biochemistry is to dispel the notion of the infallibility of the printed word. As one moves backwards in time in the biochemical literature, papers tend to appear increasingly naive, sometimes embarrassingly so if one has been involved in the work or the discussions at the time. Even if full allowance is made for this factor, reading a list of Morton's published work still fails to give a true im pression of his scientific impact. So often promising topics which have later burgeoned into success seem to have faded away from his list of publications. Once progress was under way he was likely to leave a project with a former student or junior colleague in charge, for him to develop it under his own direction. He would keep in touch with the work, making comments and suggestions which often influenced developments.
It was said of the novelist, Henry James, that his work fell into three periods: James the First, James the Second and James the Old Pretender. Not all eminent scientists avoid a similar trap. No such gibe could be made at Morton. With his open and modest advice he exerted an influence far wider than just over his former students. His impact may be judged from the acknowledgement at the end of a recent review by L. M. De Luca, of the National Cancer Institute, U.S.A., on the involvement of vitamin A in glycosyl transfer reactions, a topic that Morton followed with great interest as it concerned two of his great interests in later life: vitamin A and dolichol. 'I am deeply indebted to the late Professor R. A. Morton who provided the initial stimulus for some of this work, and encouraged us at different stages of our efforts to understand the systemic action of vitamin A.' Dr De Luca never worked with Morton; he met him only a limited number of times, all after Morton's retirement. If such brief contacts can elicit such a tribute, it may be judged to what extent the influence of Morton was felt by those who worked closely with him for many years.
T erpenoids (J. F. P.) From 1955 to 1965 Professor Morton's research activities were confined almost completely to terpenoids. It is perhaps surprising that this was not particularly intentional. He had of course worked with vitamins A and D which are terpenoid in nature but he did not, for instance, use radiolabelled mevalonic acid to tag the remaining undetected terpenoids in mammalian lipids. Never theless, in this period of his scientific career terpenoid compounds dogged him and he, in many cases, returned the compliment and it is tempting to say that it was mutually beneficial. Although Morton was well known as a great scientist before the discovery of ubiquinone, there is no doubt that his greatest achieve ment was his work on ubiquinone which allowed it to assume its rightful place on the respiratory chain. Previously the compound, known to occur in the respiratory chain linking the dinucleotide coenzymes with the cytochrome chain, was thought to be vitamin E or K. The discovery of ubiquinone put to flight these pretenders.
In this period Morton's laboratory isolated and elucidated the structures of a long series of important terpenoids including ubiquinone, ubichromenol, the dolichols, m-polyprenols from plants, two new 'tocopherols', hydroxylated and esterified derivatives of plastoquinone and plastochromanol. There are several reasons why these compounds were discovered. To some extent Morton knew they were there-he always felt that there were minor constituents of liver oils, for instance, which were yet to be discovered. Furthermore, he refused to allow any unusual fact or perhaps more to the point, spectrum, to pass through his hands (or those of his students) without the most thorough examination. Finally, as he told a Ciba Foundation Symposium in 1961, 'in research as else where, one thing leads to another'. As will be seen, this was very evident in Morton's work after 1955 although perhaps it is more apt to say that 'one terpenoid leads to another'! Ubiquinone In the early 1950s Morton was studying the minor constituents of lipids for a variety of reasons. He was interested in cholesterol, its metabolism, particularly with regard to vitamin D and the effects of feeding cholesterol to an animal. With M. and J. Glover he showed the interconversion of cholesterol and 7-dehydrocholesterol in guinea pig intestine. A series of papers in 1955 des cribed the isolation of cholest-3:5-dien-7-one from rats (after the administration of cholesterol) and also from human atherosclerotic aortas, but feeding experi ments with rats and chickens showed it to have little or no biological significance. In concurrent studies Cain and Morton looked at the minor components of liver oils searching for compounds related to vitamins A and D, which might throw light on metabolic pathways of vitamins and sterols. Finally, working with the knowledge that in the deficiency states of some water-soluble vitamins, the accumulation of certain metabolites was the prelude to rapid advances in the modes of action of those vitamins, Morton and Lowe looked at the lipid components of liver in vitamin A deficiency.
These studies, utilizing the fractionation of non-saponifiable lipids on alumina columns deactivated to some degree with water followed by spectrophotometric examination, were the basis of much of Morton's later work. The one factor emerging from these studies was a compound with an absorption maximum near 272 nm in cyclohexane. It was present in several mammalian tissues but in particular in the liver and kidneys of vitamin A-deficient rats. Festenstein, Heaton, Lowe and Morton summarized the findings in 1955 and gave the '272 nm substance' the name 'substance A' or, as it became better known, SA. Structural studies were carried out but were hampered by the fact that molecular weight estimations were erratic and the best value suggested that the compound was a conjugated ene-dione sterol.
At this stage work concentrated on establishing the presence of SA in animal tissues and also confirming spectrophotometrically that the nature of the com pound was the same in each case. The relatively simple technique of thin layer chromatography together with the more sophisticated gas-liquid and high performance liquid chromatography seem to have been available and indis pensable for a great many years, and it is easy to forget the problems which faced the lipid natural products chemist only 20 years ago. Alumina needed to be treated with acid, which was then removed by a laborious washing procedure, the alumina was dried and tested for activity using a variety of Brockmann dyes. Only following repeated chromatography on such columns and exami nation of the compound in the spectrophotometer in a variety of solvents could one be sure that a new compound was identical with something isolated earlier.
Nevertheless, Morton and his coworkers progressed with their studies, improving techniques and realizing as they went the ubiquitous distribution of SA. In 1957 Morton, Wilson, Lowe and Leat reported on their continuing studies and by this stage it had been established that SA was a quinone, with a terpenoid side chain similar to vitamin K 2 and had a relatively large molecular weight. Morton who was always concerned that the name of a compound should be truly fitting gave careful thought before proposing the name ubiquinone for what had been known as SA. This pleasant linking of 'ubiquitous' with 'quinone' produces a particularly acceptable name. Also in 1957 Crane, Hatefi, Lester and Widmer described a quinone (coenzyme Q) present in beef heart mito chondria which was clearly related to ubiquinone and both University Depart ments, Liverpool and Wisconsin, sought help from large industrial firms in the isolation and characterization of the quinone. Thus Morton's group opted for the cooperation of Dr O. Isler at Hoffmann-La Roche at Basel and the American group collaborated with Dr K. Folkers and Merck, Sharp and Dohme of Rahway, New Jersey. In 1958 ubiquinone (coenzyme Q) was characterized as 2,3-dimethyl-5-methyl-6-decaprenyl-l :4-benzoquinone by both groups and Morton's group were able to disclose the structure at a meeting of the Biochemical Society in June 1958. Morton had organized a relatively large scale extraction of ubiquin one (6 g) from 50 kg of pig heart and it was typical of him that a tissue was selected which contained no carotenoids so avoiding contaminating chromophores.
Chromatography of the unsaponifiable lipids from pig heart on alumina columns revealed only one coloured compound migrating down the columns, the yellow colour of ubiquinone. Seeing such characteristic chromatograms made one wonder how the compound had evaded detection for so long. Workers at Hoffmann-La Roche who had isolated ubiquinone-10 from 750 kg of pig heart then isolated another member of the ubiquinone family from bakers' yeast. This compound which had been detected by Morton in 1956 was identified as ubiquinone-6 and was synthesized. The American group showed the presence of other isoprenologues in microorganisms and a series with C30, C35, C40, C45 and C50 side chains was discovered.
Ubiquinone was shown to be a component of plant tissues as well as of animals and bacteria and work now centred on the role of ubiquinone and its origin. Dr R. L. Lester and his colleagues at the Institute for Enzyme Research at the University of Wisconsin had originally found ubiquinone in beef heart mitochondria and this was confirmed by Morton's group in other tissues and work by the Americans and by Morton, Pumphrey and Redfearn indicated that ubiquinone played a role in the respiratory chain. Work by Gloor and Wiss in the laboratories of Hoffmann-La Roche showed that radiolabel from 14C-mevalonate could be incorporated into the ubiquinone of rat liver and this was confirmed by Morton and coworkers. It was immediately clear that ubiquinone, unlike the very similar vitamin K, could be made by the animal and was not a dietary requirement. The origin of the benzoquinone nucleus remained a mystery for some years until Rudney in the United States showed that it was derived from />«ra-hydroxybenzoic acid, a tyrosine metabolite.
It is probably fair to say that the two main interests which figured in Morton's career were spectroscopy and nutrition. However, it would be wrong to look on these interests as separate entities since his best work was in applying spectro scopy to nutritional or medical problems. Therefore it is understandable that although work on the biosynthesis and function of ubiquinone continued in his Department he encouraged Glover and Redfearn to look after these aspects allowing him to concentrate on his earlier interests.
In the early investigations into the minor constituents of unsaponifiable lipids which had been conducted by Morton and his group a number of un identified compounds had been found, SA, a ubiquinone, had been the first but SB, SC, SD, SE and SF still required attention. Of these substances, SC was next in line. Like ubiquinone, SC was originally detected in vitamin A-deficient rat liver but unlike, ubiquinone, only very small amounts could be found in normal rat tissues. SC had a very characteristic chromophore showing absorption bands at 233, 275, 282 and 332 nm and the spectrum was unusual enough to defy early attempts to assign a structure to it. The compound was found to be present in animal kidneys and human kidney possessed the highest concentration although this was still very low. SC seemed to have major importance since it was a constituent of 'normal' human kidney but was never detected in kidneys from patients with acute or chronic nephritis.
A large scale extraction of human kidney tissue (nearly 50 kg) yielded about 150 mg of SC and the structure of the compound was determined, almost entirely by the use of u.v. and i.r. spectroscopy. The i.r. spectrum showed the presence of a hydroxyl and the effect of acetylation and alkali on the u.v. spec trum of SC indicated that the compound was a phenol. Hydrogenation of SC yielded a spectrum identical with that of tocopherols; acetylation of the hydro genated material produced the same shift as exhibited by tocopherols and oxidation of hydrogenated SC gave a quinone in an entirely similar manner to the tocopherols. Infrared spectroscopy added information that methoxy groups and a terpenoid side chain were present and Morton was able to conclude that SC was a cyclic isomer of ubiquinone as shown below. The presence of a chromene ring suggested the name ubichromenol.
Ubichromenol (SC)
Although at the time of its discovery, ubichromenol aroused interest in that schemes for the involvement of ubiquinone and ubichromenol in oxidative phosphorylation could be designed, it soon became clear that in alkaline solution ubiquinone cyclized to ubichromenol. The use of saponification techniques during isolation procedures threw doubt on the natural occurrence of ubi chromenol and although the material from human kidney showed optical activity whereas that from isomerization of ubiquinone did not, ubichromenol failed to attract much further research. Nevertheless, the work on ubichromenol was another classical case in the use of spectroscopy for unravelling the structure of an unknown compound. It also lead Morton's group into a new spectroscopic technique-nuclear magnetic resonance. Towards the end of the work on ubichromenol the Physical Chemistry Department at Liverpool had assembled a nuclear magnetic resonance spectrometer and Morton was quick to seek the cooperation of Sutcliffe and Feeney in the use of this technique. The results of the study confirmed the assigned structure of ubichromenol quite beautifully and the apparent simplicity and precision of NMR spectroscopy made a lasting impression on Morton. The technique was to have major significance in later studies into the dolichols.
The remaining 'unknowns' were quickly tidied up. SB and SD were realized to be mixtures of ubiquinone and ubichromenol, not always easy to separate if alkaline conditions were used because of the isomerization of ubiquinone to ubichromenol. SE was found to be a-tocopherol, vitamin E. It might seem surprising that a-tocopherol was not recognized immediately in animal tissues, but up to this time a colour reaction was used to detect and determine the vitamin. It might be added that such a colour reaction used on total lipid or unsaponifiable lipid fractions yielded in many cases grossly exaggerated values often due to the presence of ubiquinone. The use of chromatography on alumina and direct spectrophotometric examination of the fractions produced realistic values for the concentration of a-tocopherol in animal tissues. Finally, SF was identified as 3-formylindole, a breakdown product of tryptophan.
Polyprenols
Following on these studies the group under Morton came accidentally upon a compound, it goes without saying that it was a terpenoid, which produces a vital metabolic link between sugars and glycoproteins. The compound, dolichol, a long chain terpenoid alcohol, was discovered when a search for the decaprenyl alcohol related to ubiquinone was undertaken. Solanesol or nonaprenyl alcohol could be found in plant tissues, clearly related to plastoquinone with its 45 carbon side chain. Accordingly it was hoped to find the alcohol related to ubiquinone-10 in animal tissues. Chromatographic fractions obtained in the isolation of ubichromenol from human kidney were examined and sure enough one of them contained a terpenoid alcohol. Surprisingly, i.r. analysis showed that the alcohol had a saturated isoprene unit at the hydroxy terminal and the double bonds in the remainder of the molecule were mainly Nuclear magnetic resonance spectrometry confirmed the saturation of the 2,3 double bond and showed both trans and cis double bonds to be present with the latter in the majority. Size determinations were carried out as one would expect by a group steeped in photometric traditions. The alcohol was esterified with/>-nitrobenzoic acid and the molecular weight was estimated by finding the amount of ester required to produce the fxmolar extinction coefficient (which was known by determining the value for farnesyl-p-nitrobenzoate). The alcohol proved to be large and was estimated as C100.
It was later shown that this value was a mean for a whole series of isoprenologues with chain lengths from C85 to C120. Once again Morton considered the problem for some time before arriving at the term, dolichol, taken from the Greek for 'long'. Dolichol was purified by careful column chromatography and a tedious crystallization procedure (the melting point was very low), but soon after its discovery thin layer chromatography became available, revolutionizing such isolation techniques. Very careful measurements from nuclear magnetic reson ance spectra indicated that there were three biosynthetically trans isoprene units in the molecule and the remainder were cis. It seemed likely that bio synthesis occurred by addition of cis isoprene units to pyrophosphate primer. Bakers' yeast was examined and also yielded dolichols but this time the chain lengths were shorter (C70-C 85).
The amounts of dolichol found in animal tissues were generally of the same order as those of ubiquinone but nothing in its structure or distribution gave any clue to its possible function. The only other compound found in nature related to dolichol is rubber which is poly cis in conformation and is terminated by either a hydroxyl or pyrophosphate group. The studies were extended to plants and yielded in some cases, for example the spadix of the Arum lily, dolichol, while in other cases, particularly in leaves, a new series of cis polyprenols was discovered. The leaf polyprenols were similar to dolichols in having some trans double bonds and the majority cis in configuration. However, unlike the dolichols the leaf polyprenols had a normal unsaturated isoprene unit at the hydroxy terminus and were shorter in chain length, varying from C50 to C65.
The chemistry, biosynthesis and distribution of dolichols and cis polyprenols were pursued vigorously in Morton's laboratory but no hint was uncovered relating to a possible function. It is unlikely that the mode of action of these alcohols would have been found by a logical process of investigation, the answers had to come by research workers discovering a biochemical activity and then realizing that the polyprenols fitted the bill. Such was the situation. The Ameri can workers under J. L. Strominger were studying the biosynthesis of the peptidoglycan of bacterial cell walls in Staphylococcus aureus and Micrococcus lysodeikticus when they realised that a membrane-bound lipid served as a carrier of sugars. The lipid, which was in this case attached to a pyrophosphate and then sugars, proved to be a C55 cis polyprenol. The finding of this lipid cofactor stimulated widespread research into glycoprotein synthesis in bacterial and animal systems and the involvement of dolichols or polyprenols was shown in many cases. The alcohol phosphate usually picks up a sugar (connected by phosphate or pyrophosphate) from, for instance, UDP-mannose and further sugars are added before the polysaccharide chain is finally transferred to a protein.
The knowledge of the chemistry of these terpenoid alochols, the relatively large amounts of the alcohols available in pure form in the Liverpool laboratories and the general expertise developed there played a major role in speeding the investigations into glycoprotein biosynthesis around the world.
Later years
In the last few years of Morton's leadership in the Biochemistry Department at Liverpool a rather remarkable coincidence proved to be the key to clarifica tion of an untidy aspect of tocopherol chemistry. Morton was conducting a study of batyl alcohol in human bone marrow with one of his research students (batyl alcohol had been implicated in haemopoiesis) when a novel and hitherto undescribed member of the tocopherol family was discovered in relatively high yield. The work proceeded along two lines. One line pursued the characterization of the new 'tocopherol' and the second examined the significance of the com pound in bone marrow.
The new 'tocopherol' was soon shown to be y-tocotrienol, i.e. y-tocopherol but with a normal isoprene side chain (not saturated as in the tocopherols) and it was also realized that such a compound had been found previously in seed oils but had been misidentified as 7-methyl tocol. A study of the naturally occurring members of the vitamin E family led to the exposition of four tocopherols and four tocotrienols, the latter being the unsaturated analogues of the former. Not many years earlier it had been assumed that seven tocopherols occurred in nature-the seven possible methylated derivatives of tocol.
Thus the discovery of the new vitamin E from bone marrow had thrown light on the chemistry of the vitamin E family but what was it doing in bone marrow ? Surprisingly although it was always present in the natural lipid fraction from bone marrows obtained from a London hospital it was never present in bone marrows from Liverpool hospitals. The diet used in the London hospital was studied carefully to see if it contained an unusual vegetable oil used for cooking or in margarine or other dressings but nothing was apparent. The enigma remained until work in Morton's laboratory into polyprenols in rubber latex revealed that the y-tocotrienol and indeed all other tocotrienols occurred in large amounts in this unusual plant tissue. The jigsaw fell into place when it was remembered that the bone marrow neutral lipids were sent from London to the Liverpool laboratories after they had been separated from phospholipids by dialysis through a rubber membrane.
The discovery of ubiquinone, the dolichols and polyprenols and the classi fication of the tocopherol chemistry might never have happened had Morton been a more single-minded man. All these problems and compounds strayed in front of him as if they were red herrings. However, Morton was not one to treat anything as a red herring and, as he was often keen to relate, his research was like an investigation into the sort of people who went to football matches. One has to interview many people before one can distinguish the spectators from the players. Professor Morton introduced several of the players to the public! Professor Morton was in many ways an old-fashioned scientist. He enjoyed a problem which he could worry and chew over. A modern electronic calculator, let alone a computer would have been used-he would never have denied progress-but in his heart he would not have welcomed them. A trusted volume of logarithms was only used when shortage of time denied him the use of longhand arithmetic. There is little doubt that the steady and logical progression through the individual components of a long calculation allowed the student, who was usually at hand on such occasions, to digest more completely what was going on. Data fed into a calculator reveal only the answer not understanding. Morton enjoyed his science and he was not one to skip a few chapters in the mystery novel and read the last page-when all is revealed. He would be pleased with a student who carried out a good piece of research, worked out the results and came to some conclusions but how much more he enjoyed it if he could be involved in the recording and processing of the data. He also gained great pleasure from taking part in practical work. He was at his happiest when pro vided with a new spectrum and an empirical formula so that he could turn to his bookcase and hand out to his students treasured volumes of electronic absorption data. Sooner or later the new chromophore would be tracked down with, on his part, an obvious thrill which was always conveyed to his students with, above all, enjoyment.
The photograph reproduced was taken by Wilfred Lee (University of Liverpool photographer) in 1966.
